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Silica based materials are inert and possess high surface area and hence these 
materials are highly suitable to disperse active components or to incorporate large 
number of acidic sites, basic sites and functional groups. Among the silica based 
materials, SBA-15 type materials are relatively new and possess uniform pores in 
meso region which are capable for accommodate variety of organic molecules for 
converting them into useful products. The other advantage associated with SBA-15 
mesoporous silica material is its high robustness, thermal stability and easy way to 
modify in order to incorporate various functional groups. The modifications of SBA-
15 materials pave a way to conduct variety of organic reactions. Thus the work 
presented in this thesis is carefully planed to yield different types of reactions like 
alkylation, condensation, oxidation, lactonization etc. Most of these reactions on 
modified silica are reported for the first time. The conclusion part highlights briefly 
the modifications done and the characteristic facture for getting responsible high 
activity.  
Al-PHTS and Al-SBA-15 are prepared successfully by doping method, which 
are an eco-friendly and hydrothermally robust solid acid catalysts. The higher activity 
of Al-PHTS over Al-SBA-15 for isopropylation of m-cresol has been attributed to the 
presence of more number of medium strength acid sites formed by the plugging of 
silica and higher AlCl3 heterogenization in the former catalyst as observed from 27Al 
MAS NMR. The plugging of silica and immobilization of AlCl3, which resulted in 
Al-PHTS, is found to be a better catalyst and also the ratio of Td/Oh aluminum is 
much higher on Al-PHTS samples (1.69) compared to that in Al-SBA-15 (1.09). Thus 
the results clearly indicate that Al-PHTS sample has higher acidity than Al-SBA-15. 
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 Mesoporous SBA-15 silica has been functionalized with propylsulfonic acid 
groups post-synthetically using 3-mercapropropyl-trimethoxysilane as sulfur source. 
Sulfonic acid groups anchored to SBA-15 silica pore surfaces are thermally stable up 
to 653 K, hydrothermally robust in boiling water and resistant to leaching in organic 
and aqueous solvents under mild conditions. The resultant mesoporous material 
(SBA-15-SO3H) exhibited hexagonal mesoscopic ordering, which possess 1.3 meq 
H+/g SiO2 exchange capacity, 96 Å mesopore size diameter, and 660 m2/g surface 
area.   
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Figure 9.1 Prince Condensation of styrene over different acid catalysts using 
dichloromethane as solvent 
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 The Prins condensation results on SBA-15-SO3H solid acid catalyst with 
dichloromethane solvent seem to be much better for the synthesis of 4-phenyl-1,3-
dioxane, compared to the other acid catalysts like H2SO4,  H-ZSM-5, Amberlite-120 
and HY(Si/Al=11). The conversion and selectivity of all above catalysts are shown 
from Figure 9.1, which clearly shows that the selectivity was not maintained 100% 
selectivity except in the case of SBA-15-SO3H catalyst. Both the conversion of 
styrene and the selectivity of 4-phenyl-1,3-dioxane is are nearly 100% is due to 
presence of more number of acid sites available on SBA-15-SO3H catalyst surface 
and the uniform mesoporous net work.  
 Co-SBA-15 catalysts are synthesized by direct synthesis and post synthetic 
impregnation methods with two different loadings of cobalt viz., 1.2 and 2wt%. The 
encapsulation of cobalt in SBA-15 structure is successfully achieved and the structure 
of SBA-15 remained intact even after the incorporation of cobalt as observed from 
the low-angle XRD. The encapsulation of cobalt in SBA-15 was found to be highly 
advantageous in yielding significant amounts of the desired products viz., 
cyclohexanone and cyclohexanol in the oxidation of cyclohexane in liquid phase 
without using any solvent under moderate pressure of O2 at 433 K. Highly stable 
cobalt species in the SBA-15 framework as observed from TPR peaks are responsible 
for the catalysts prepared by direct synthesis method to show high turn over numbers 
towards the oxidation of cyclohexane to cyclohexanone. 2%CoSYN catalyst showed 
a maximum of 9.4% conversion of cyclohexane with the selectivity of 78% towards 
the formation of cyclohexanone.   
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Trifluoromethane sulfonicacid (triflic acid) groups are anchored to the surface 
of mesoporous SBA-15 silica, and the material is found to be an efficient reusable 
catalyst for the condensation of styrene with aqueous formaldehyde and phenol with 
acetone respectively to get desired product with high conversion and high selectivity. 
In conclusion, triflic acid-anchored SBA-15 (SBA-15-O(Tf)3) have been found to be 
very effective in the synthesis of p,p-bisphenol-A and 4-phenyl-1,3-dioxane with very 
high selectivity at relatively low reaction temperatures.  
The results on SBA-15-O(Tf)3 solid acid catalyst shows all most equilibrium 
level conversion for phenol acetone condensation reaction compare to some of acid 
catalysts, which are shown in Figure 9.2. And also SBA-15-O(Tf)3 catalyst was much 
better for the synthesis of 4-phenyl-1,3-dioxane to wards conversion and selectivity 
under solvent free conditions reported so far. The conversion and selectivity of some 
acid catalysts for Prins condensation reaction are shown in Figure 9.3. 
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Figure 9.2 Condensation of phenol over different acid catalysts at 353 K  
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Catalysts of this type represent an important class of superacid catalysts. New, 
simplified and high-yielding routes to these compounds open up a wide variety of 
opportunities. The relatively low volatility and high boiling point translate to safer 
handling of these materials. Supported versions of these acids enable reactions in 
non-polar reaction media. The silica supported superacids described in this thesis 
have been found to show high catalytic activity with low leaching in a number of 
reactions of industrial importance. Further more, SBA-15-O(Tf)3 solid acid catalyst is 
in expensive, non-toxic and reusable which makes the process convenient, 
economical and environmentally benign. 
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Figure 9.3 Solvent-free Prins condensation styrene over different acid 
catalysts at RT 
Functionalization of cobalt and ferrocene on the surface mesoporous SBA-15 
was successfully achieved. The structure of SBA-15 remained intact even after the 
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functionalization of cobalt and ferrocene as observed from the low-angle XRD. 
Co(III)-SBA-15 catalysts showed significantly high turn over numbers and good yield 
towards the formation of cyclohexanone from the oxidation of cyclohexane. Co(III)-
SBA-15 yielded a maximum of 39.3% cyclohexanone from cyclohexane oxidation at 
room temperature. In the case of Ferro-SBA-15 yields only 29.6% cyclohexanone 
conversion from cyclohexane oxidation at room temperature. The hybrid material 
exhibits high catalytic activity for cyclohexane oxidation in presence of oxygen and it 
is recyclable and reusable without any apparent reduced activity.  
Syntheses of lactones from diols by oxidative lactonization over copper-based 
catalysts in vapor phase are studied. Copper silica-supported catalysts exhibits good 
conversion and selectivity to words formation of lactones. A variety of diols with 3 to 
10 carbon atoms can be converted in to the corresponding lactones in high yields 
(Table-X.X). The surface areas of the all copper silica catalysts are higher compared 
to the bulk CuO probably due the presence of copper in more dispersed form as 
compared to that in bulk CuO. The XRD analysis of the all calcined catalysts shows 
the presence of CuO phase only, where as their reduced forms showed the presence of 
only Cu0 only. The copper crystallite size plays an important role in determining the 
activity. 
The oxidative lactonization reaction of diols is studied on copper supported on 
different supports like Al2O3, MgO, HT, SiO2, carbon etc… but only Cu-SiO2 system 
exhibits more conversion and selectivity towards desired product. The result on 
copper silica (20%Cu-SiO2) catalyst shows 99% convention and 99.9% selectivity 
towards the formation of p-dioxanone at 553 K for more than 10 hours and all other 
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loadings showed were decrease with time. Such a high conversion and selectivity to 
nearly 100% is reported for the first time on copper silica system. In addition, copper 
silica solid catalyst is inexpensive, non-toxic and reusable which makes the process 
convenient, economical and environmentally benign. Therefore, these materials have 
tremendous potential for use in reactions of industrial importance for the production 
of lactones.  
